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SUhlMARY

An investigation has been made in. the N. A. (?. A.
7- by 10~oo~ w“nd tunnel of large-chord N. A. C. A.
BO12, %091, and%?030airfoih with 8plii$ap8 10,20,30,
and.@ percent oj the wing chardto determine the ~ectiun
aerodynamic characteridcg of the airfm”k as affected by
airfoil th’kdmem,jap chord, and flap de$ecti.on. The
complete section aerodynamic .chawcteristtig of all the
combination testedare gicen in theform of graphs oj lift,
drag, and p“tching-mornent coeficienis, and certain
applications to cwodynamic dw”gn are discussed.

The fmaJmaim-mumlift coefitienta for the three airfoils
tested m“th the O.Kh jlap were about equal. For the
airfm-lgm“ththe O.10c~jlap, the maaimum li$ coejlm”ent
decreased with airfoil thickness; for the airfoils with the
0.30c. or O..JOC*@pg, the maximum lift coeficieni in-
creaaed with airfm”l thickness to a maximum due of
~.$74. Within therange covered,theincrmnt oj mm-mum
li$ coejiiiwt due to the cplti $apg was practically inde-
pendent oj Reynolds Number. Tle increase in minimum
profile-drag coej’kient with airfoil thickness was large,
being abou$twice as greatfor the N. A. (?. A. %%3030agfor
the %01$ plain airfoil.

INTRODUCTION

The Nat.ional Advisory Committee for Aeronautics is
undertaking an extensive investigation of various high-
lift mrangements to furnish information applicable to
the design of wing combinations for the improvement of
the safety and the performance of airphmes. Thus far,
most of the tests have been made with wings having a
thickness 12 percent of the wing chord and having the
Clark Y or the N. A. C. A. 23012 profle. It appears
very desirable at the present time, howevar, to extend
the investigation to include wings having other thick-
ness and ako other &-foil profiles. The present report
describes the results obtained from tests in the 7- by
10-foot wind tunnel of airfoils of various thicknesses
equipped with high-Iift devices.

The investigation was made of airfoils having thick-
nesses from 12 to 30 percent of the wing chord; these
thiclmwscs are believed to cover the range likely ta be
met with in practice. Airfoil sections of the N. A. C. A.

230 series were used because they appear to be generally
satisfactory for most purposes. The high-lift detice
investigated with the airfoils of various thiokrmses
was the simple spI.it flap, which is used as a basis of com-
parison with other high-lift devices. Flaps ringing in
chord from 10 to 40 percent of the wing chord were
tested on each airfoil These tests are expected to be
followed at a later date with tests of slotted flaps on
aimiIar airfoils.

MODELS

PLAINA.mFoIIa

Three basic wings, or phin airfoils, were used in these
teats; each had a chord of 3 feet and a span of 7 feet.
The models were constructed of laminated wood and
were built to the N. A. C. A. 23012, 23021, and 23030
profiles. The thiclmess of each of these airfoils is,
respectively, 12, 21, and 30 percent of the wing chord,
~. The ordinates for eaoh of the three airfoik are
listed in table I. The N. A. C. A. 23012 airfoil, which
had been previondy used for the investigation de-
scribed in refereme 1, was already available.

PUPs

Four simple split flaps extending along the entire
span were used with each model. The flap chords,
cf, were O.1OCU,0.20cW, 0.30cM, and 0.40c~ snd were
believed likely to cover the rmge of sizes that might
be used in practice. (See figs. 1, 2, and 3.) The
flaps were built of plywood braced at several points
along the span and were arranged for setting at de-
flections from 0° to 105° down. The flap deflection,
hr, is measured between the lower surface of each air-
foil and the flap, as shown in fignrw 1, 2, and 3.

TESTS

The models were monntad in the closed test section
of the N. A. C. A. 7- by 10-foot wind tunnel so as to
span the jet completely except for smti clearances at
each end. (See references 1 and 2.) The main sir-
Foil was rigidly attached to the balance frame by
torque tubes, which extended through the upper and
the lower boundaries of the tunnel. The angle of
attack of the model was set from outside the tunnel by
rotating the torque tubes with a calibrated electric
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drive. Approximately two-dimensional flow is ob-
tained with this type of installation and the section
charactmistics of the model under test can be deter-
mined.

A dynamic pressure of 16.37 pounds per square foot
was maintained for most of the tests, which cm-
responds to a velocity of 80 miles per hour under stand-
ard atmospheric conditions and to an average test
Reynolds Number of about 2,190,000. Because of the

Fmurm I.-Sectfon of N. A. O. & ZMW?drfall wltb sWt flaps. cr=O.10c.,O.W.,
0.3%, and OAOCW

FIGUEW2.-Secthn of N. A. C. A. 2?.0!41a!rfoifwith split flaps. cf=o.loc., O.ZIG
0.335.,nnd o.4ac”.

Emurw!&-SectIon of N. A. C. A. !23M0drfdl with aplftllaIw. CYO.1O.%O.ZU%,
O.socmandO.MC”.

turbulence in the wind tunnel, the effective Reynolds
Number, R,, was approximately 3,500,000. For all
tests, R, is based on the chord of the airfoil with the
flap retracted and on a turbulence factor of 1.6 for the
tunnel.

Each airfoil was tested by itd.f without the flap so
that the characteristics of the plain airfoils could be
determined. Each of the four split flaps was then
tested on each of the three airfoils and deflected in 10°
or 15° increments up to the deflection giving the
highest value of the maximum Iift coefficient.

An ang~e-of-attack range from –6° to the ang]o of
attack for maximum lift was covered in 2° increments
for each Wt. .?Lift, drag, and pitching moment were
measured at each angle of attack.

RESULTS AND DISCUSSION

COEFFICIENTS

All test results are given in standard section non-
dimensional coefficient form for the airfoil and flap
combinations corrected as explained in reference 1.
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section lift coefficient, ljqcw.
section profle-drag coefficient, d&cW
section pitching-moment coefficient about acro-

dynamic center of plain airfoil, m(....)~qcmz.

is section lift.
section profile drag.
section pitching moment.
dynamic pressure, 1/2 PV2.
chord of basic airfoil with flhp fully retracted.

is angle of attack for infinite aspect ratio.
flap deflection.



N.A. C.A. 23012, 23021, AND 23030

PEECISION

The accuracy of the various measurements in the
tests is believed to be within the following limits:

%1------------- +O.1° C%~clxl.o)-------- +0.0006

et------------ ko.03
c%@.5)

------- %0.002

%.c.)o----- ---- AO.003 6,------------- ko.2°

%mti ---------- +0.0003

SEOTION AERODYNAMICOEABA(HERISTICS

P1ain airfoils .—The section aerodynamic characteri-
sticsof the N. A. C. A. 23012 plain airfoil, as determined
with the two-dimensional-flow installation, are shown
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FIGUM&-SectIon nwo@mdo abmtarktk d N. A. O.A.WI pti akhfl.

in figure 4. SimiIar rwults for the N. A. C. A. 23021
and the NT.A. Cl A. 23030 plain airfoils are given in
figures 5 and 6, respectively. The data for the N. A.
C. A. 23012 and 23021 airfoils are discussed in references
1 and 3, respectively, and therefore require no further
discussion. The data for the N. A. C. A. 23030 airfoil,
however, depart from the results of the thinner sections
in several respects. The slope of the lift curve is only
0.068 as compared with about 0.105 for the N. A. C. A.
23012, ahhough there is a marked increase in dope at
angles of attack above 2°. The angle of attack for
zero lift, however, is the same as for the h’. A. C. A.
23012 and 23021 airfoils. The relatively ilatAop lift
curve given by the hT.A. C. A. 23030 airfoil is probably
typical of very thick airfoils. Its pitching-moment
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FIGERII6.-SectloII amdynamfc chfu’aokrfstfmof N. A. O. A. ~ PlaLnairfofl.

coefficient about the aerodynamic center is —0.002
compared with –0.003 for the N. A. C. A. 23021
and —0.009 for the hT. A. C. A. 23012. The most
marked chaage is the position of the aerodpmmic ‘
cder of the plain airfoil; it is 11 percent of the
chord ahead of the quarter-chord point of the wing
and about 44 percent of the chord above the chord
line.
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.
SectionIiffcoefficientcl

(a)The O.lrxWspilt flap. (h) The 0.20%spilt flap.

FIGCEE10.-6wtion amdmmnic charaocedatkaof N. A. O. A. 23030afrfoIlwith V8I1OIMsize-sofsplit flBP.
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(C) The 0.30%S@fttip. (d) The 0.40c.splft fir).

FIGUEE10.-Continned. Sectlottaerodymmfc characteristicsof N. A. O. A. !ZB380afrfofIwfth varfonssfm ofspIft flap.
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The effects of a change in thickness of the plain air-
foils on the minimum profiledrag coticients and on the
maximum lift coefficients are indicated in figure 7 for
an effective Reynolds Number of 3,500,000. Although
the minimum profile-drag coefficient increases rapidly
with airfoil tbkknese ml is RWIY twice M went for
the N. A. C. A. 23030 as for. the N. A. C. A. 23012
aixfoil (see fig. 7), it may be that structural considera-

Airfoils with flaps.-The section aerodynamic char-
actmistics of the N. A, C. A. 23012 airfoil with tho
O.10cO, the 0.20cw, the 0.30%, and the 0.40cw split
flaps are shown in figure 8. All these data were
obtained at an effective Reynolds Number of 3,500,000,
except w noted on the figure. The lift curves have
about the same slopes as they did for the plain airfoils.
The angle of attack for maximum lift decreases from

.%ctionIiffcoeffitienf,c1

(8) The O.ilk%@t t181J. (h) The O.m”split flap.
(C) The 0.20cwsplit fl13P. (d) The 0.40c=sPIItJlaP.

FIctuEsi11.—CodKWUIsonof proll.lsdmg coetlldenta far drfolls wUh spUt Reps.

tions will more than overbalance this drag increase in

app~ication to a given design. In other words, the

probability should not be overbooked of actudy

obtaining desired characteriatica with the tick sections

because of the possibility of housing parta if the

airplane entirely within the wing, which would be

hnpotible with the thinner sections.

about 15° with the flap neutral to about 14° with the
flap down 30°. With the flap down 60° or 75°, hmv-
ever, the angle of attack for mmimum lift is only about
10° or 12°, a change of 5° or 3° from the plain airfoil.
Changes of this magnitude in the angle of attaclc for
maximum lift might have considerable effect on the
manner in which a wing stalls for combinations with
prmtial-span flaps.
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SimiIar section aerodynamic data are given for the
N. A. C. A. 23021 airfoil with flaps in figure 9 ad for
the N. A. G. A. 23030 airfoiI with flaps in figure 10.
The angle ?d attack for maximum lift with the thicker
airfoils with the flap deflected decreasea with increasing
thichwss and flap chord to values as low as 5°, a change
of about, 10° from the plain airfoil. It should aIso be
noted that a considerable increase in the proiiledrag
coeilicient is obtained witl increase in the flap chord.

l’he pitching-moment codicient about the aerody-
namic center increases quite rapidly with flap chord,
flap deflection, and airfoil thickness. The marked

lift coeflicimts less than 1.8; for lift coefficients greater
thm 1.S, it is loweat for the N. A. C. A, 23021 airfoil.
The drag is ~ovxst for the N. A. C. A. 23012 airfoil
with the 0.30cM and the 0.40c. split flaps for lift coeff-
icients 10ss than about 2.1; for Iift coefficients greater
thm 2.1, it is lowwt for the N. A. C. A. 23021 airfofi.
With the 0.30cWand the 0.40cM flaps, the drag is lower
for the N. A. C. A. 23030 tlum for the N. A. C. A. 23012
airfoil for lift coefiiciauts above 2.5.

A comparison of the parta of figure 11 shows the
drag coefficients to be lowest for the SmaIles&ohord
flap suitable for a given Iift coeflkient for take-off.

(a) 1?. A. O. A. 2WZ efrfoll. (3) N. A. o. L 230ZI ekfon. (u) N. A. O. A. 230W efrfofl.

Fmu’ExlZ-Effed of spilt-fip dedectkmon Inorementofmerfmom lfft cc.eIMent forthe mrfms airfotk end Sep%

increase with airfoil thiclmess is probably caused by
the fact that the aerodynamic cents.r is unusually far
above the chord Iine and ahead of the quart.wwhord
point for the thick airfoils.

COMPARISON OF AIRFOJMl W(TH FLAPS

Effect on profile drag,—The eflect of the O.1OC.split

flap on the profile drag of the three airfoils for various
flap deflections is shown as envelope polar curves in
figure II (a). Siar curves for the 0.20cW, the 0.30cW,
and the 0.40cm flaps are given, respectively, in figures
11 (b), 11 (c), and 11 (d). With the O.10ca flap, the
drag is lowest throughout the complete lift range for
the N. A. C. A. 23012 airfoil The drag is lowest for
the N. A. C. A. 23012 airfoiI with the 0.20cM flaps for

All the combinations with the split tlap have &her
drag coefficients throughout the- take-c-ff range ~han
do the combinations with slotted flaps, which were
developed for the N. A C. A. 23012 and 23021 airfoik
and are reported in references 1 and 3.

Effect on maximum lif’.-ll%e effect of deflecting the
split flaps on the increment of section maximum lift
coefficient Acl=~= is shown in figure. 12, where :Acz=~=is

plotted against ~~for all the combinations tested. The

maximum ACZ===increases with airfoil thiclmess for all
the flap chords. The flap de.fleotion for mixlrhwn
Acl~a= decreases with incmime in flap chord for my of

the three airfoils. b figure 13, the ma@mum AC1=C=

is plotted for each flap against flap chord for “the three
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airfoils. The l@hest Acl~~=for the N. A. C. A. 2301’2

airfoil was obtained with the 0.30cti” fhip, which was
only slightly superior to the 0.20cW flap on this airfoil.
The highest ACl~a=for both the N. A. C. A. 23021 and

the N. A. C. A. 23030 airfoils was obtained with the

20 ‘ I 1
6f =75” :’+

7“

1.8
80”,

N
~t6~. I 2302/ . —

Wy ~ 70”
2*. / s
.$ f.~
o /..
k /
! m“

1.2
c /
,. 95”.
$

/
55”

$ /.0 60” ~ 23012
s 85” 79
G /
c
$~ .8 I /
U

i~A
80°

w
%o
~ .6 1!/

e
:

It‘

I .4

/

I
.2-

fo m 20 –3’0. ..40 50
Flop chord,percent Cu

P’muBsIk.-Effect of ohordof erdit dm on tnmemant of roexlmumllft medicknt
for three tifoil Wckne8se.

0.40CWflap. The, 0.40c~ flap, however, gave !ittie g.ti
over the 0.30cW flap, and probably no gain would be
obtained by the use of a flap chord @eat6r than 0.40cm
on the N. A. C. A. 23021 airfoil; for the N. A. C. A.
23030 airfoil, flaps of still larger chord might give a
slight inorease in ACI~~Z. , ,

The increments of maximum lift coefficient increase
quite markedly with airfoil thickness; the values of
Acl~~, vary from 1.05 for the N. A. C. A. 23012 to 1.9

for the N. A. C. A. 23030 airfoil. The tial maximum
lift coei3icient, however, does not reflect this large difb.r-
ence in Acl~~~, as is shown in figure 14, where cl~:= for

the plain airfoik and for the airfoik with flaps is plotted
against airfoil thiclme*. The large loss in lift with
thickness for the plain airfoil very nearly balances the
large gain,in increment of matium tit tith tfic~ess

for the airfoils with flaps. The ilnal maximum lift
coefficients for the N. A. C. A. 23012 and 23021 airfoils
with the O.10cMflap was 2.34, which is about 8 percent
higher than it was for. the N. A. C. A. 23030 airfoil.
The maximum lift coefficient for the airfoils with the
0.20cM flap was 2.66 for the N. A. C. A. 23021 rirfoil,
which is about 4 percent higher than it W= for the
N. A. C. A. 23012 and 2 p@xmt higher than it was for
the N. ‘A. C. A. 23030 airfoil. For the airfoils with the
0.30ciiZnd the 0.40cWflaps, the maximum lift coefficient
was. 2.6 for the 23012 airfoil and increased about 11
percent-with airfoil thickness for the 21-percent-thick
airfoil. The maximum lift decreased slightly with
thickness for the 0.30c20flap and increawd slightly for
the 0.40cU flap. The highest mmimum lift coefficient,
2.94, was obtained with the 0.40cW flap on the N. A.
C. A.--Z3030 airfoil. In spite of the loss in lift of the
plain airfoils with thickness, if for structural reasons
wing thicknesses are increased to as much as 30 percent,
no loss in ultimate section maximum lift coefficient

.32
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FIGURE14.–ERact of aIrfolIthfckrmsson maxlmurnM cmillc[entof N. A. O. A,

230 airfoils with and without spltt flaps.

will be encountered when split flaps with chords of
D.2(IGWor larger are used.

SCALE EFFECT

The scale effect on maximum Iiftmoeflicients for th~
plain airfoils and the airfoils with flaps, over the rmngo
available in the 7- by 10-foot wind turmel~ is”shown in
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figure 15, where C%c=is plotted against the value of R,
of the teats. This @e shows a very definite SdO
effect on the maximum Iift coefficient for the N. A.
C. A. 23012 airfoil with or without flaps but shows
practically none for the N. A. C. A. 23021 and 23030
airfoils with or without flaps. The tic~~t of mafi-
mum lift coefficient is therefore practica~y independent
of scale over the range that could be investigated.

APPLICAYTONOFOTHERUI?FOIL9

The mminmm lift coefficients for airfods of the
N. A. C. A. 430 and 630 series with split flaps maybe
computed with satisfactory accuracy by adding the

Frmru 15.—EEect of rcele on marbnum Uft coeftlcknt of three elrfoflswith end
without split flnFw7- by Kkfoatwind tunnel.

Ae%a= for the proper flap chord and sirfoil thiclmew

from the 230 series to the cl~u of the plain airfoiI under

consideration. This procedure is justified for thick-
nesses from 9 to 21 percent, as indicated in reference 4.
The same procedure would also probably be satisfactory
for other airfoik with the position of maximum camber
near the leading edge. It should be remembered in
applying these data that they are section character-
istics sad that these msximum lift coefficients cannot
be realized on a wing of fhite span unless it is designed
so that all sections reach maximum lift simultaneously.

~ONGLUDING REMARKS

Aerodpamic data are made available for airfoils 12
to 30 percent thick with split flaps having chords 10 to
40 percent of the wing chord. The final maximum ~t
coefficients for the three airfoils tested with the 0.20cM

lap were about equal; for the airfoils with the O.1OCU
lap, the maximum lift coefficient decreased with airfoil
hichess; and for the airfoils with the 0.30cm and the
L40CWflaps, the masimum lift coeiikient increased with
irfoil thickness.

~~thin the range covered, the increment of maximum
ift coefbient due to the split flaps was practica~y
independent of scale. The profile-drag coefficient in-
reased quite rapidly with thickness for the plain airfoils
nd was about twice as large for the N. A. C. A.
3030 as for the 23012 airfoil.

ANGLEY MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADWtSORYCOMMITTEE FOR AERONAUTICS,

LANGLEY I?IELD, VA., March 10, 1939.
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TABLE I

ORDINATES FOR N. A. C. A. 230 AIRFOILS

[Stationsend ordheteg in percentofwing-

23012 \ 23021

Station
UPLW

o------------------ ------
126-__ --_ . . . . !L67
2.Li ----------- a 81
b.-. ..------------- 4.91
7.6------------ 6.S0
lo__________ 6.4a
is___________ 7.19
zo------------- 7. m
25.. -.. —----- 7. m
&l... ___– _____ 7. M
do. . . . ..-.. _____ 7.14
do------------ 6.41
co._--._–_—_ h47
m..-. .. . . . . . . . . . 486
so._ . . . ..-–__..- aas
w------------- L68
9s.. . . ..- . . ..--...
10U. . . . . . . . . . . . . . . . :%

L. E. radius . . . . . . :

Liner UPPW
mrfnca Surfea

--------
–: 78 ::
-L 71
-220
-x m ifi
–z w 10.cm
-x WI H. 19
–8.U7 lL SO
-L % 12.03
-4.46 l!lon

1149
+ m.40

8.W
–!ioo 7.09
–216
–1. !ia :;
-.70
-. la .22

. —
a

LQuEr
rurfwe

–: 0s
-314
-4s2
–Ii 53
-J. g

-a 30
-s. 76
-s. 95
-a Ea
-s. 14
–7. 07
-6. n
-418
–a. w
-L80
—.2a

m

uPrwr

4.K4
7.a7

1:%
1257
la 66
la !20
l&07
l&46
M 67
;: yJ

1::

M
216
.a

Lower
eurmrs

-: m
-427
-6.54
-s. 2a
–9. 05
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–I&so
–la 46
-19. Is
-1211
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-&W
:: g

—.32

R90

Slope of radhu thronghend r4 obti OJOS


